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FOREWORD

This third report summarizes work petrformed for the National
Aeronautics and Space Administration by the Department of Biology at
Hardin-Simmons University, supported by NASA Grant NGR 44-095-001
{Supplement No. 1}, and covers the period of July 1, 1973 -

December 31, 1973.

This repért includes continued Investigations of the ability of
psychrophilic microorganisms to grow in some of the environmentél
conditicons suggested for Mars, with particular attention given to the
effects of moisture and nutrients on growth. Results of growth with
the slide culture technique are presented (procedures givenm in H-SU
Report No. 2) and indicate that this technique‘can be a rapid and
sensitive technique for demonstration of microbial growth under various
environmental conditions. Additional soil samples have been obtained
from Cape Kennedy, and results of these assays at various low temperaF
tures for psychrophilic populations are presgnted. The heat resistance
of some of the psychrophilic sporeformers have been determined.

At the request of the Planetary Quarantine Office, psychrophilic
organisms were isclated from the teflon ribbons at Cape Kennedy and |
characterization of these was begun. In addition, heat-survivors from
thé Cape Kennedy teflon ribbons are being investigatgd‘at H-SU, and
partial characterizations of these are presented. Thé reporﬁ also
includes a description of work currently in progress and future work

planned for the remainder of the contract periocd.
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A STUDY OF PSYCHROPHILIC ORGANISMS ISOLATED FROM THE MANUFACTURE

AND ASSEMBLY ARFEAS OF SPACECRAFT TO BE USED IN THE VIKING MISSTION
Introduction

This project was originally begun to characterize the psychrophilic
microbial populations from soll samples associlated with the Viking
spacecraft. Earlier results have demonstxa;ed that tﬁe samples from
the manufacture area in Denver, Colorado possess very few or no spore-
formers which are obligate psychrophlles, while samples from ;he
assembly area at Cape Kennedy contain significant populations of
psychrophiles, including sporeformers, which will not grow at 32°C. The
procedures for these assays and the characterization of the populgtions
are presented in H=SU Preliminary Réport-(January, 1973) and H-SU
Reéort No. 2 (July, 1973). | . '

Soil samples from both areas and pure cultures of psychrophilic
sporeformers were subjected to an experimental Martlan environment to
determine their ability to grow under these conditions. Upon assay,
survivors were incubated at 7°C to demonstrate the abilit& of low-temp~
erature organisms to grow upder these conditions. These pure cultures
were also inocculated onto agar-coated slides to evaluate this procedure
for determinaéion of microbial growth in the gxperimental Martian
environment (Report No. 2).

This third report presents a continuation of investigations begun
earlier and several new ones which have begun as an ocutcome of
previocus results. This project périod includes an investigation of the

effects of molsture and nutrients on growth of selected isclates, and



presentation of results of the slide culture technique. After completion
of this task, it was decided to redesign the apparatus for establish-
ment of the experimental Martian environment primarily to more
effectively purge the sample vessels, to allqw for a more rapid and
reliable closure of.the vials, to reduce the moisturé level of the
samples, to allow more time for equilibration of the sample to the new
environment, and to allow a more simplified method for altermation of
various gas mixtures into the system. This new deslign will allow the
use of additlonal atmospheres such as 99% COp + 1% 05. The presence of
1% 0, was suggested by planetologists recently (telephone conversation
with Dr. Hall), and we will use this mixture in addition to our original
mixture of 80Z COy + 20% Argon. The redesigned apparatus has just
recently bee‘n completed, and a -continuafion of this phase of our
investigations will be initiated very soén.

Because the previous investigations have revealed the presence of
sporeformers in Cape Kennedy soils which did not grow at 32°C on
primary isolation, it was decided to assay fallout samples from Cape
Kennedy. A£ the request of Dr. Hall during the July, 1973 AIBS seminar
in Denver, plans were initiated to perform a run of the teflon ribbon
experiments at Cape Kennedy with incubation of N, samples and heat-
treated ribbons at 7°C in an attempt to isolate psychrophilic spore-
formers from the MSOB fallout samples. It was also decided to perform
dry-heat studies on such isoclates and on original psychrophilic
sporeformeré previocusly isolated from Cape Kennedy; This work.was
done at the University of Minnesota by Mr. Luther Winans under the

supervision of Dr. I. J. Pflug.



At the time of collection of the teflon ribbon isclates from
Cape Kemnedy, new soil samples were obtained f&r defermination of
psychrophilic populations. In additiﬁn to the 7°C tempefature of
isolation, other low temperatures were used in performing counts df
these organisms, and attempts were made to isclate these at sub-zero
temperature. To perform this task, methods were attempted.to prevent
freezing of the medium or to allow the counting of colonies on the
syrface of frozen media. As reported here, the results were not
encouraging for sub-zero counts, but this area is sfill under considera-
tion for further study.

At ‘the request of Dr. Hall, this project was expanded somewhat to
include a étudy of sporeformers from Cape Kennedy which survived the
simylated Viking dry-heat cycle. These studies include a detailed.
characterization of these isolates,.and an evaluation of their‘ability‘
to survive vacuum conditions. Preliminary results of these investiga-

tions and plans for the next project period are presented.
Procedures

Several procedures used in this project were presented in

previous reports and will not be presented in detail.

Response of Original Soil Samples to the Experimental Martian Environment
The response of heat-shocked and non-heat-shocked soil samples

from Denver and Cape Kennedy after 21 days in the experimental environment

was presented in Report No. 2. This incubation was continued for 60

days, and those results are presented and disaussed.l



Slide Culture Technique

Pure cultures of psychrophilic 1sclates from the manufacture and
assembly areas of the Viking spacecraft were inoculated into an
artificial Martian soil and subjected to the experimental Martian
-environment. Results presented in the last report indicated that
there was no increase or decrease in the population of these pure
cultures after 21 days in this.environment.

These pure cultures were also inoculated onto agar-coated slides
for determination of growth based upon the slide culture technique as
described by A. A. Imshenetsky at the 1972 COSPAR meeting in Madrid.
This procedure was described in Report No. 2, but will be briefly
repeated here. Staﬁdard microscope slides (25 x 75 mm) were cut in half
longitudinally, cleaned, and sterilized. They were then covered with a
thin layer of TSA (BBL) or artificial Martian soil extract (AMS)and allowed to
dry overnight -at 45°C. Multiple slides were inoculated with ;ne of the
24 pure cult:res until 211 had been inoculated onto both TSA and AMS
coated.slides. The inoculum size was determined by making suspensions
which allowed 50 - 100 cells per microscope fileld at 1000X in 0.01 ml;
of thé suspension. The inoculated slides were then placed intc sterile
16 x 150 test tubes containing a saturated solution of K,50,, subjected
to the experimental Martian enviromment, and heat-sealed. Duplicate.
slides of each sample were rgmoved lmmediately and phase-contrast
micrographs at 1000X were made and designated as Day 0. The remaining
tubes weré subjected to the freeze-thaw cyéle for 10 - 14 days, with
duplicate slides being removed and photographed as for the Day 0 slides.
By making comparisons of the Day 0 and subsequent micrographs, deter;

minations of growth of the selected pure cultures could be made.



Evidence of growth was considered positlve upon the formation of

microcolonies.

Response of Selected Microorganisms to Different Moisture and Nutrient

Levels in the Experimental Martian Environment

Upon completion éf the pure culture studies, a selected spore-
former (K~1-6) and a gram-positive, non-sporeformer (K-11-1) weré
studieq further to determine the effects of moilsture and nutrients
on their ability to grow in the Martian environment. These were
selected because they are psychrophilic, faéultative anaerobes, and
demonstrated an ability to survive the conditions of the simulated
Martian environment. The tube method was used in order torquantitage
the results and to give é better understanding of the population
‘changes that were occurring. The e#perimentél conditions employéd
in this part of the investigation were divided into differeﬁt groups
which are presented in Table 1 (p. 6).

The test organisms were washed three times with phosphate buffer
and were suspended in the buffer at é‘final concentration of
apprOXimately lO7 cells/ml. For inoculations the stock suspension .
was diluted to 1:10 and 1:100. One milliliter of the 1:100 dilﬁtion,
0.1 ml of the 1:10 dilution, and 0.01 ml of the stock suspensions
were inoculated into the experimental tubes to provide an inoculum’
of approximately 103 cells at the desired moisture level.

Psychrophilic (79C) Isolates from Cape Kennedy Teflon Ribbon Experiments

In September, 1973, Mr. Puleo of the JPL Planetary Quarantine Lab
at Cape Kennedy agreed to perform one run of the teflon ribbon fallout

samples from the MSOB according to standard procedures with exception



Table 1. Experimental groups to determine the effect
of molsture and nutrient levels on growth
in the simulated Martian environment

GROUP NUTRIENT MOISTURE*
(1 gm/tube) , (ml Hy0/gm soil)

I Martian soil mixture 0.01
0.1

1.0

-II Martian soil mixture 0.01
' + 1% peptone (w/w) 0.1

: 1.0

II1 : Martianrsoil mixture 0.01
+ 1% TSB with yeast 0.1

extract (w/w)** 1.0

*Moisture levels are considered as: low, less than 1% (wiw);
intermediate, 10%; excess, greater than 10%
*%*Consists of dehydrated TSB with 3% yeast extract



that all incubatlons would be performed at 7°C instead of 32°C. This
was done in an attempt to isolate psychrophilic Qfganisms ffom tallout
samples in a spacecraft environment at Cape Kennedy. All manipulations
and incubétions were performed at Cape Kennedy to prevent less in
.shipping, and all isolates were forwarded to H-S5U for study. The N,
determinations ylelded only three isclates from the non-heat-shocked
samples and seven from the heat-shocked samples. Test ribbonsusubjected
te the 113°C dry-~heat cycle yielded no orgaﬁisms growing at 7°C.

Only limited investigations of the ten isolates from the N,
determinations have been initiated, but temperature studies haﬁe been‘
performed and dry-heat studies are being written up soon for socme of
these. The temperature studles were qualitative only, and attempts
were made to grow these at OOC, 7°c, 24°C, and 32°C. Alcohol sus-
pensions (spore crops) were attempted on all but oﬁe of these (a
yeast), and these that yielded high titers (greater than 106/ml.) were

taken to the University of Minnesota for dry-heat studies.

Psychrophilic Counts From Cape Kennedy Soil Samples:

R Soll samples were collected from Cape Keﬁnedy on September 13,
1973, Sample sites are given In TaBle 2 (p. 8). These soil samples
were diluted and plated according to the procedures given in H-SU
Preliminéry Report, except that temperatures used for incubation were
10°c, 7°c, 0°C, and -59C. Countable plates incubated at 0°C were
selected fp;lfu;thgrlstudy. Colonies were transferréd:to five TSA
slants and incubated at 0°¢, 3°c, 7°C, 24°C, and 32°C, and the time
required for growth to appear was recorded. The percentage of‘organisms

growing at low temperature, but not at 32°C was determined.



Table 2. Sites from which Cape Kennedy soil samples were
collected for psychrophilic bacterial counts

CODE SOURCE
A Bldg. A0 - In front of high bay area (west side)
B Complex 41 - Titan-Centaur Project
c Area 60A - Fuél storage area
D Bldg. M7-1469 — In fromt of high bay area (south side)
E Bldg. AQ - Main personnel entrance (east side)
F Bldg. M7—1469 ~ In front of low bay area (north side)
£i11 dirt
G Bldg. M7-1469 - In front of low bay area (morth side)

- native soil

Attempts to Count Bacteria at Sub-zero Temperatures

In this investigation a single soil sample was used (Sample K—l,l
H-SU Report No. 2). The sample was placed into a 1% peptone solution,
one-half was heat-shocked, and one-half was untreated. These were then
diluted and inoculated onto the surface of the following: (1) TSA,
(2) TsA +.32 Agar, (3) TSA + 5% glycerol, (4) TSA + 7.5% glycerol, and
(5) membrane filltered and placed on the surface of TSA, These plates
were then incubéted aerobically at 7°C, 3°C, 0°c, -5°C, and -10°cC.

Heat Survivors from Cape Kemnnedy Teéflon Ribbon Experiments

At the request of Dr., Hall, cultures of organisms which had survived
the 113°C dry-heat cycle from the Cape Kennedy tefloﬁ—ribbon experiment
were obtained from the JPL Planetary Quarantine Lab at Cape Kennedy.

The 33 cultures were obtained on September 14; 1973 and returned to H-SU.



They were grown on TSA supplemented with 0.1% soluble starch and 0.2%
yeast extract. Upon arrival at H-SU, the cultures were streaked onto
supplemented TSA plates and determined to be pure and viable.

Identification of these isolates had been performed at Cape
Kennedy immediately upon isoclation aécording to the procedures given
in Phoenix Report No. 39. This report also described the biochemical
variability of Bacillus isolates following different methods of
preservation. This phenomenon has also been observed at H-SU when
identification procedures were performed on these same 33 heat-survivors
in our 1lab.

In addition to performing required tests for identification,
additional investigatioﬁs were undertaken to more completely characterize
these isolates. These studies are only partially complete at present,
buf the compieted ones will be reported here.

1. All cultures were inoculated into supplemented TSA slants

and placed into Brewer Anaerobe Jérs.with appropriate controis

(Alcaligenes fecalis) to determine their oxygen requirements.

2. Thirty-two of the thirty-three isolates were inoculated into
numerous different carbohydrates, and their reactions were
recorded. ..

3. Supplemented TSB was diluted lQO - 1019, These were
inoculated with 0.1 ml. of Suspeﬁsions,which had been standardized
by usé of the Spec 20, and were incubated at 24°C for 4 days.
Samples were removed and turbidity of each dilution was measured
by recorded transmitted light at 565 nm on ;he Spec 20.

4. Supplemented TSB was prepafed and adjusted to wvarious pH
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ranges at 0.5 pH units from 5.0 to 9.5. These were inoculated

with a standard suspension of the various isolates and incubated .

at 24°C for 4 days. Samples were removed, turbiﬁity was

determined on the Spec 20 at 660 nm, and_pH.curves were plotted

for each organism.

5. Supplemented TSB was prepared with salt concentrations from

1% to 10% at 1% increments. These were inoculated with a standaxd

suspension of the heat~survivors, incubated at 24°C for 4 dayé,

and turbidity was again determined with the Spec 20 at 660 nm.

From these data, the optimum salt concentration was determined

for each isolate.

6. At the request pf Dr. Hall, an experiment was designed to

determine the effect of storage of the spdres of the 33 heat-

sgrvivors under vacuum for sﬁort periods of time. This task was
only recently begun, and because of difficulty in culturing some
of these organisms for preparation of the spore suspensions, only
"21 of the 33 isolates have been subjected to the vacuum conditions,
and these for perlods of only 14-26 days. Results of the other

12 and results of extended sforage will be reported later.

Spore suspensions were prepared according to standard pfocedures,
washed in phosphate buffer, washed in 95% ethanol, énd finally stored
in 95% ethanol. S§pore titers of these suspensions were pefformed, |
and the suspensions were diluted to give approximately 105 - 106 spofes/
ml. Sterile 1.0 ml plastic cups were inoculated with 0.1 ml of the
spore suspensions and allowed to dry under laminar-flow for 12 hrs. The

cups were then placed into Virtis Bulk Vac Bottles (Virtis #BCB-84CA),
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and half of these hottles were subjected to a vacuum of 10_2 Torr before
sealing, while the other half were sealed at atmospheric pressure.
Three bottles of each were placed at -65°C, 20°C, and 55°C. Uninoculated
controls received identical treatment and were incubated with the test
cups.

At various time intervals, samples will be removed, transferred
to separate bottles of 1% Tween 80, insonated (cups turned downward
or toward the power source), diluted in 1% peptone, and plated in
duplicate in molten supplemented TSA. At the time of this report, counts

have been performed after 14-26 days of incubation of the cups.
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Results

Response of Original Soil Samples to the Experimental Martian

Environment

As described in H-SU Report No. 2, changes in populations in the
s0il samples incubated in the experimental Martian environment were
considered significant only 1f there was a change of atlleaét one log.
Results of incubation after 60 days iﬁ this environment demonstrated
thét some of the populations continued to increase while others declined
to below a countable level {less than 102 in this study). In the three
non-heat-shocked samples from Denver (mapufacture area),lsamples M—l‘
and M-2 showed a continuing decline in population from thé count at 21
days, while sample M—3 showéd an increésé of more thaﬁ one log over the
2l-day count. All three heat-shocked samples showed a decline in
populations when incubation was extended to 60 days.

The samples from Cape Kennedy demohstrated a variable response to
incubation in this envirqnment after 60‘days. Of the ﬁon—heat—shocked
samples,.populations in K—2,-K—6, K-7, K—S, K-10, K=11, and K~-12 ( 7 of
11 sampleé) showed a decline; K-1 showed no change; and samples K-3 and
K-4 were the only two of eleven éamples.which demonstrated an increase
from 21 to 60 days. Of the heat-shocked samples, populations in K-1,
K-5, K-6, and K-10 showed a decrease; K-2, K-3, K-4, and K-12 showed no
change; and only samples K-7 and K-8 showéd an increase of greater than
one log from 21 to 60 days incubatiom.

Slide Culture Technlgue

Examples of results of this part of the investigation are presented

in Figure 1A and Figure 1B (page 13). Figure A is an example of the
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Phase contrast micrographs (1000X) of psychrophilic
isolates from Cape Kennedy after 0 days incubation (A)
and 10 days incubation (B) on agar-coated slides in
the experimental Martian environment.
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appearance of isolated cells on the agar-coated slides at Day O. all
suspensions were diluted to give a similar appearance, with the cells
scattered and in low density, immediately after inéculation. Micro-
graphs were made of duplicate slides of all 24 pure cultures on both
TSA and artificial Martian soil extract (AMS) agar-coated slides. This
was done to assure that nmone of the lnoculations produced overcrowding
of cells, which might later lead to misinterpretation of results.

Figure B 1s an example of a micrograph after ten days incubation
in the experimental Martian environﬁent. Again, micrographs were taken
of duplicate slideé of all 24 isolates on both types of agar-coated
slides. These micrographs were compared to those prepared at Day (; and,
as can be seen by a comparison of thé two figures, it appears that
microcolonies have been formed on the slide. This formation of micro-
colonies is considered evidence of growth according to the meﬁhod |
described by Imshenetsky.

Of the 24 pure cultures examined by this procedure, all showed the
formation of microcolonies on both TSA and AMS agar-coated slides.
Results of this technique are qualitative only, but the microcolonies
on TSA slides were generally more dense than those on the AMS slides.
Of these 24 pure cultures examined'in this part of the investigation,

fifteen were sporeforming rods.

Response of Selected Microorganisms to Different Moisture and Nutrient

levels in the Experimental Martian Environment

The effect of moisture and nutrients on the growth of micro-
orgénisms in the simulated Martian environment was determined by
subjecting a sporeformer (K-1-6) and a non-sporeformer (K-11-1) to

various nutrient and moisture conditions. The results of this
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investigation are presented in Figures 2, 3, and 4 (pages 16, 17, and
18) and indicate that both factors héve a definite effect on ability

of the organisms to grow. Lt is apparent from Figures 3 and 5 that the
sporeformef is better able to survive more harsh conditions than the
non-sporeformer because the latter decreases more drastically in pop-
ulation. This survival ability is no doubt attributed to thé formation
of spores.

The effect of moisture on growth of these isolates is seen in
these three figures. 1In all soil mixtures, only those organisms with
excess water (1.0 ml/gm soil) weré capable of growth. . At lower
moisture levels the sporeformer was able to survive, but the non-
sporeformer showed decreasing populations. Thaf nutrients affect
growth is seen by comparing the growth of the sporeformer on the three
different media. As can be seen, it was unable to grow in the simulated
Martian seil, it grew slowly after 7 dajs in the soil enriched with 1%
peptone, but it grew rapidly after 2 days in the soil enriched with
1% TSB and yeast extract. In contrast to this, the non-sporeformer
showed growth at all nutrient levels if excess water was available,

These figures also demonstrate that even if the test ofganisms are
going to grow, they do not do so within the first two'days. This could
be due to the organisms' being transferred from a more favo;able enyiron-
ment to the shock of the artificial Martian environment. After they
become accustomed to this new environment, they caﬁ then grow if

moisture and nutrients are available.
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Psychrophilic (7°C) Isolates from Cape Kennedy Teflon Ribbon ‘Experiments

Of the ten isolates from thé N, determinations (3 from the non-
heat-shocked samples and 7 from the heat—sﬁocked samples) performed
by Mr. Puleo, all were capéble of growth at 32°C. Only two of these
(18AH and 6BH) were capable of growth at 0°C in 14 days. - One of the
{(6B) was a yeast;.one (19A) was a non-sporeforming rod; and the
remainder were Sporeformers.k After preparation of ethanol spore sus-
pensions, fOur,ofrthese (6BH, 10AH, 18AH, and 18BH) werertaken to the
University of Minnesota for dry-heat studies.

Psychrophilic Counts From Cape Kemnnedy Soil Samples

Populations of organisms from various Cape Kennedy soil saumples

are presented in Table 3.

Table 3. Bacterial counts from Cape Kennedy soil samples
incubated at various low temperatures (CFU/gm soil)

Sample 10°¢ 7°C 0°¢ - =5%

A 2.5x10° 3.0x103 o 0

B 1.4x10° 6.7x102 0 0

C 1.4x105 0 0 0

D 7.9x10° 3.9%10% - 4.8x103 4.6x10°
B 8.0x10° 7. 3x103 1.0x10° 11.0x102
F 3.0x10% 1.9x10% 6.3x103 - 2.1x103
¢ 4.9x107 5.1x10% 1.1x10%  2.0x10°

Mean 7. 3x10° 7.4x10° 3,3x10° 1.2x10°
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As can be seen the counts generally decrease as the temperature
decreanes, The ~579C results are being repeated because the temperature
differential was not as close as was desired. The work is being re-
peated with a more reliable incubator (Freas 815) which will be
used In future studies,

Countable plates from the 09C incubaﬁion temperature were Selected
for further study, thus samples A, B, and C are not included in the
remainder of the investigation. The colonies from samples D through G
were inoculated onto TSA slants and incubated at 0°, 30, 70, 249, and
329C. The results demonstrated that all isolates were capable of
growth at the thfee low temperatures in at least 14 days, but several
were not capable of growth at 32°C in 48-72 hrs. These resulﬁs are
seen in Table 4,

Table 4. Population of 0°Clsoil isolates not capable of
growth at 32°C

Sample % of Total Count CFU/gm Soil
D 24 1.2x103
E 0 0
' ' 2
F 7 15 1.5x10
G 12 1.3x103

These counts represent those organisms in Cape Kenmedy soil which

have the ability to grow at 0°C, but not at 32°C.
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Attempts to Count Bacteria at Sub-zero Temperatures

Table 5 shows the preliminary results of attempts to isolate
organisms at sub-zero temperatures. Incubation times were 14 days at
7°C and 3°C, 21 days at 0°C, 40 days at -5°C, and 60 days at -10°C.

Table 5. Counts of Cape Kemnedy soil samples at various
low temperatures on different media

Medium
Incubation TSA + TSA + 5% TSA + 7.5% TSA + Mem-
Temperature TSA 3% Agar ~ Glycerol Glycerol brane Filter
NHS* 9.9x10%  1.1x10% 5.1x10% 3.3x102 1.3x10°
7°C HS 1.8x10%  3.2x10% . 1.8x10%  1.4x10 +
NHS 2.6x105  7.6x10% 5.3x104  4.0x10% 1.4x105
39C HS 6.9x10%  3.6x10% 4.5x10%  3.9x104 2.5x102
NHS 3.1x103  2.0xio% 2.9%103  3.0x103 +
0°C HS 9.9x10°  1.9x10% 3.5x103  1.7x103 +
NHS 0 0 0 S 0
-59¢ HS 0 0 5.2x10° 0 0
NHS
-109C HS 0 11 0 0 0
0 3 2 0 0
*NHS=Non-heat ~shocked +=Upreadable

HS=Heat-shocked

At 790 and 3°C all plates were in good condition; at 0°C, ali media
had ice cracks except 3% agar which appeared to be in‘good condition; at
-59C, all media were frozen and in poor condition; and at —;OOC, all
media weré frozen and impossible to read. 1In these iﬁvestigations, it
was observed that colonies on media contéiﬁing glycerél were cbnsiderablﬁ
smaller and difficult to observe, Even though total counts on TSA and
TSA + glycerol showed slight variation, it is suspected that the

glycerol has a slight inhibitory effect on colony formation.
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The plates with the memhrane filters were disappointing because _ '

of colonies running together.

Most of the growth was around the

periphery of the filters and counts were not possible when the,filters‘h‘

were on frozen medium.

Heat Survivors from Cape Kennedy Teflon Ribbon Experiﬁents

The variability of biochemical activity of 33 isolates, which

survived the 113°C dry-heat cycle at Cape Kennedy, after several'sub-‘

cultures on supplemented TSA is demonstrated in_Table-G{ These‘sﬁfvivo£SM

were identified at Cape Kennedy and later at Hardin-Simmons, and

Table 6 shows differences in results of these idéntifications. These

were incubated at 32°C for 2 to 4 days before reactions were recorded.

Table 6. Results of identification procedures performed at Cape '
Kennedy and Hardin-Simmons on heat survivors from Cape
Kennedy teflon ribbon experiments :

@
4
. I
o Y ¢ .o = o
Isolate 3 a = a ] g %9 . @
Number O = 0 526 B & Identification -
¥+ 4+ - - - + - - - B. firmus
1-12 B - - - - - + ~ + - . Atypical
A - - - - - - - - - Atypical
1-29 B - - - - - - - - - Atypical
A + - - - - - - - - B. lentus
2-18 B + + + - - - + - - B. circulans:
A - - - - - + - - - Atypical
46 B - - + - - + = = =  Atypical
A - - - - - - - - - , Atypical
5-19 B 4+ + + - - + + + - B. laterosporus’
A - 4 - - - + - - - B. brevis
6-11 B - + + - - + o+ - - Atypical
A+ - - - - - - - - B. lentus
6-12 B - - - - - - + - - Atypical
: A+ 4+ - - - - - - - Atypical
6-25 B - + + - + - - - B. pumilus




23

Table 6, continued

Q
_ 5
o S
— - w —
< g 3 ’g' % g.s -5 . 3
d -~ - 0 o
Isolate o o g & e % g 8- , R
Number 08 3 B Oooon o E s Identification .
: 7 A + - - - - ~ ‘- - -+ ' B. lentus. '
6-28 B - - - - - - - = ‘Atypical .
A + - - - - - - - - B. lentus o
6-32 B + - + - - - - - - B. lentus °
A + - - + - + S = B. coagulans
7-11 B - - - + - + + - - ' B, coagulans
. A - + - - - - -= + - B. brevis
- 8-14 B - + o+ - - - - + - . B. brevis'
A+  + - - - + - - - - B. firmus
8-25 B - - - - - +. + - - B. macerans
A+ + - - - + - - .- B. firmus
8-28 B - + - - - + + - - Atypical-
T A+ + o+ - - - - - - B. lentus
9-12 B 4 - + - - - - - = B. lentus
‘ A+ - — - - - - .= = . B. lentus -
9-13 B - - - - -~ ~ + - - - Atypiecal
, PN + - - - + - - - - B. firmus
10-2 B - - - - - + o+ - = B. macerans’
A - - - - - - - - < - Atypical
10-17 B~ ~ - - - - - ~ =  Atypical
: A+ -  + - = T - T - B, lentus
10-20 B - - - - - - - - = Atypical '’
A+ - - - - + - -+ Atypical =
10-30 B - - - - - + = - o= Atypical
A+ - - - - - = = - B. Ilentus -
- 13-20 B - -~ - - - - - - - Atypical . .
A+ - - - - - - - - B. lentus ‘
16-16 B - - - - - - - - = . “Atypical \
A+ - + - - +. - = = B. macerans | - .
16-23 B +. - + - - + - -, - B. maceransg. .. ., -
A+ - - - -+ - + . Atypical -~ - .
18-10 B - - ~ - - R T 'B. macerans .
A+ - - - - = - = " B. lentus ;
18-16 B+ - + - - = - I B. lentus ,
A+ - - - - - - - - B. lentus __. -
18-24 B +. - = - = - - =4 B, lentus '.
A + - - < - - T = B. lentus, = - .
18-29¢ B 4+ 4 A = = = = = - B. lentus’
A F - - - - - - = B. lentus . .
18-31 B« = - - = === - Atypical. -~ "
A+ T _ - - + - - = B. firmus " . o
20-27 B - B

+ - - - + - - . =  B. brevis .
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Table 6, continued

W
o
Bhar]
a4
U w0 .
2 ) o o £ =
< =] i} o 5 8 o 5 —
o Kl Nl o] v [ ] w )
Isolate 5 Y & I 5 4 g 2 5 C
Number -~ g o g% Bk & Identification
A D ND
30-6 B -~ + - - - -+ + ~ - Atypical
A ND ND .
32-15 I - - - - + + - - B. macerans -
A ND NB
33-22 B - + - - - + + - - Atypical
A ND ND.
‘34-11 B - - - - - + - - - Atypical

*A=Cape Kennedy
B=Hardin-5immons
ND=Not done

The reactions of the heat-survivors from the Cape Kennedy'teflbﬁ
ribbon experiment on various carbohydrates are presented in Table 7
(page 25). These carbohydrates were added to Phenol Red Broth Basa,.
inoculated in duplicate with a standard éuspénsibn of the organisms;ﬁ
| and incubated 4 days at 24°C. These results demonstrate that these
isolates are generally not very reactive on ﬁarbohydrates. They
grew well on all media except xylose where 18 of thé 32 cultureskdid nbtl-
grow.

Table 8 (page 26) contains the results of various environmental
conditions for the Cape Kennedy heat survivors. Reéulté of anaérobig'.‘”'
growth in the Brewer Anaerobe Jar are given asipositive or negative‘éftér,
incubation at 24°C for 21 days. Aerobic controls inoculated onto sﬁ§p1e4 :
mented TSA slants at the same time demonstrated these to be_viable.'

Results of pH, salt concentration, and decreasing availlable nutrients
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Reactions of Cape Kennedy heat survivers on

various carbohydrates

Table 7.
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Table 8. Results of various environmental conditions for
heat survivors from the Cape Kennedy teflon ribbon

experiments

Isolate | Anaerobi rH Salt Conc.(%) | Final Nutrient Dilution. -

No. Growth Range Optimum | Range Optimum | Showing Good Growth#* -
1-12 +  6.0-9.5 7.5 | 1-10 5 10~9

1-24 - B.5-8.5 6.0 [1-2 1 1074

2-18 + 5.0-9.5 7.0 !1-10 7 - 1079,

4~6 + 6.5-9.5 8.5 | 1-8 2 10-8.

5-19 +  B.0-9.5 6.0 |1-10 9 1076

6~11 + b.0o9.5 7.0 |1-10 3 10~4

6-12 + 6.5-9.0 7.5 | 1-4 2 10-4

6~25 + [5.0~9.5 5.0 |1-10 5 107/

6-28 - 5.5-8.0 7.0 | 1-3 2 S 1072

6-32 + 7.0-9.5 8.5 | 1-5 2 10-5

7-11 - ND ND ND ND

8-14 - ND { ND ND ND

8-25 - 5.5~9.5 7.0 | 1-5 2 10-2

8-28 + 6.5-9.5 7.5 | 1-5 1 10-2

9-12 + 5.5-8.5 6.0 | 1-3 2 10~3

9-13 +  6.0-8.5 6.0 |1-2 1 10~4

10-2 + 6.5-9.0 8.5 | 1-4 2 10-6

10-17 - ND ND ND ND

10-20 + 6.5-8.5 7.0 | 1-2 1 106

10-30 +  6.5-9.5 8.5 | 1-5 1 1076

13-20 + [5.5-8.5 6.0 |1-2 1 1077

16-16 - ND ND ND - ND

16-23 +  $6.5-9.0 8.0 | 1-3 3 10~

18-10 + 65.5-9.5 8.5 | 1-5 1 10™2

18-16 + [5.5-9.5 7.5 | 1-10 2. 1079

18-29 - ND ND ND ND

18-29c - ND ND ND ND

18-31 + 5.5-8.5 6.0 {1 1 1074 .
20-27 + 6.5-9.5 7.5 | 1-5 3 w0=4 . v
30-6 + 6.5-9.5 8.5 | 1-5 2 10-3 :
32-15 + 6.5-9.5 7.5 | 1-5 2 10~3 o
33-22 + 6.5-9.5 8.5 | 1-5 2 10-2

34-11 + 6.5-9.5 7.5 | 1-5 1 - 10-3

*Good growth is considered when the turbidity yields less than
90% transmittance . |

ND - not done



were determined by recording the turbidicy (Spec 20) of broth cultufes
after 2 and 4 days incubation at 249C.

Survival of the spores of the Cape Kennedy heat survivors under
vacuum and at various temperatures is presented in Table 9 (page 28}.
This experiment has only recently been started, and complete results
will be ready later. Some of the'spore suspensions contained popula-
tions which were tooc low to be rellable and were not used in the
present investigation. These are being.preparea again and will be
used in the next rum. At the time that this experiment was being
performed, our vacuum System was inaccessable; therefore, a vacuum
of only 102 Torr could be used. During the next run of this experi-

ment,.a vacuum of 10~7 to 10~? Torr should be attainable.
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Table 9. Counts of spores stored under atmospherdic pressure
and 10~2Torr at different temperatures (x10 6)

Iso- Orig. |~ Atmospheric Pressure 10-4- Torr

late Spore -65YC 20%C 200C -b 5% (0 20VC 2UYC
No. Counts *} (26 days) (24 days)(28 days)i(16 days) (10 days)(24 days)
1-12 14.00 3.10 8.0 3,30 4,60 1.00 3.60
2-18 1.30 250.00 230.0 28.00 49.00 37.00 33.00°
4=6 1.10 13.00 4.0 1.30 0.70 0.80 0.70
5-19 1.60 170.00 180.0 78 .00 1.00 30.00 41.00
6-11 1.60 71.00 76.0 37.00 12.00 9.40 16.00
6-12 0.20 0.84 2.3 0.10 0.04 0.30 0.09
6-25 2.60 370.00 40.0 160.00 39.00 9,20 47.00
6-32 64.00 11.00 11.0 7.90 7.40 7.10 4,00
7-11 470.00 9.30 11.0 3.30 2.50 3.90 2.60
8-14 8.30 12.00 7.7 - 1.90 1.20 - 5.10 4.30
8-28 9.80 6.80 5.3 5.10 7.60 3.80 1.00
9.12 240.00 10.00 6.9 1.90 3.30 0.90 6.60
10-30 0.20 1.20 1.0 0.40 1.00 1.00 0.90
13-20 96.00 22.00 7.3 1.50 8.20 7.60 5.50
16-23 53.00 1.30 4,2 - 1.20 3.20 1.00 2.00
18-16 | 110.00 5.10 4.6 0.45 3.40 . 2.00 1.50
18-29¢| 30.00 1.10 4.1 1.30 8.10 . 4.20 3.60
20-27 0.50 D.86 0.8 0.52 0.20 0.09 0.50
30-6 55.00 4.60 1.8 0.36 1.20 1.30 1.10
32-15 2.40 7.50 11.0 - 6.00 10.00Q 4.20 3.50
33-22 0.07 0.56 0.5 0.43 | 0.30 0.03 0.20

#CFU/ml.
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Discussion and Future Work

Response of Original Soil Samples Eg_the'EXperiméntal Ma;tian Environment
Tﬁe response of the various soil samples to the experimental
Martian environment after 60 days iIncubation was rather varied and
unpredictaﬁle. An attempt was made to correlate these results to the
typee of organisms present in the original s0il samples (H-SU Report No.
2}, but no consistent conclusion could be drawn. Because the‘responses
were so varied and appeared to follow no consistent pattern, it is fel;
- that the prolonged freeze~thaw cycle (—§5°C for 16 hrs. and 24°C fof
8 hrs. for 60 days) may have disruﬁted the integrity of the experimental
conditions within the sealed tubes. For this reason, a more reliable
closure system has been developed and will be used in all future
experiments involving the experimental Martlan environment with .the
freeze-thaw cycle.

Slide Culture Technique

In interpreting the results of this experiment,[it should be
remembered that the 24 pure cultures used were also inoculated into éné
gram of the artifieial soil mixture, with excess water, and subjected
to the experimental environment. The results as presented in Report
No. 2 indicated that these organisms neither increased nor decreased in
population after 21 days incubation. Upon extending'this incubation
to 60 days, at least 8 of thase,showed decreased populations, with the
remainder being unchanged. | |

Oﬁ the other hand, results of the slide culture technique indicate

that all 24 isolates can produce microcolonies on TSA and AMS agar—

coated slides after incubation of 10 days in the experimental Martian
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environment. This apparent conflict of results of the tube method and
the slide culture method indicates that the slide method deserves
continued study. It provides a rapid means of demenstration of growth
in a simulated Martian environment by the formation of microcolonies
on agar-coated slides. Because no counts are involved, thils technique
requires considerably less equipment and time, and the incubation time
is shortened. On the other hand, population dynamics cannot be
determined. All that can be stated is an affirmative or negative
answer to the question of growth, but nothing can be said of how the
population behaved at different stages of incubation._ In addition, it
cannot be definitively stated that there was a net increase in fhe
population. The cells could be dying as fast as growing with no net
gain ‘in the total population. When comparing the results of the pure
culture studies, 1t can be seen that the tube method showed.no change
in the population of the majority of the samples tested, but the slide
technique would be reported as growth in the experimental environment.
This investigation indicates that the slide technique is a rapid,
simplified method in answering the question of growth in a simulated
environment, but it does not lend itself to studies of populatibn
dynamics, nor can it be used to determine 1f the organisms are actually
alive after a given incubation period. It can be cqncluded from a
comparison of the tube and slide methods that growth of the burgJCul—
tures was so slight that it could not be detectea by the tube méfhod,
but it could be seen by the formation of microcolonies in the slide
method. This indicates that the sliée method may be a more sensitive

method for demonstration of growth in experimental environments.
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Because this technique may Indeed provide a reliable and sensitivg
method for demonstration of microbial growth under expérimental
conditiocns, continued investigations are planned to improve this
technique. A new slide arrangement is being examined which will allow
the deposition of at least 8 different cultureé per slide, and
incubation times between one and ten days will be studied to determine
the earliest period at which growth can be confirmed. This will again
be performed in conjunction with the tube method sc that population
dynamics can be investigated.

Response of Selected Microorganisms to Different Moisture and Nuttrient

Levels in the Experimental Martian Environment

The results of this investigation demonstrate that the non-spore-
former appears to be influenced primarily by the amount of moisture
in the environment as 1s seen by its lack of growth or loss of popula-
tion at a moisture concentration of 107 or less. On the other hand,
after 7 days in the experimental environment it grows very well in all
media with excess moisture, increasing its population by approximately
two logs. The sporeformer appears meore able to survive the adversé
conditions, and when placed into an environment of excess moisturé and
nutrients can grow very well. The growth of the sporeformer is
influenced more by the amount of nutrients than is the non-sporeformer.
This is shown by a marked response of the Bacillus in the séil extract
enrichéd with 1% TSB plus yeast extract, slight growth response iﬁ the
peptone, and none in the experimental Martian soil. In contrast, the
non-sporeformer grew well in all three nutrient levels if excess

water was avallable.

¢
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It is recognized that all three moisture levels used in this
experiment are higher than those expected oﬁ Mars. The apparatus used
to establish the experimental Martian environment has just recently
been redesigned and future experiments will be performed with moisture
levels considerably lower than those used in this investigation.

Psychrophilic Coﬁnts from Cape Kennedy 50il Samples

As seen in Table 3, the lower the temperature of incubation, the
lower the count, which is as expected. The decrease from 10°C to 7°C
causes a reduction in population of an average of one log, while the
decrease from 7°C to 0°C causes an average reduction of over 2 logs.

In this report, the -5°C will not be considered because of fluctuations
in the incubator temperature.

Temperature studies on the Q°C isolates demonstrated that onlﬁ a
small percentage of these are not capable of growth at 32°C, and their
populations are quite small (0, 150, 1200, 1300 CFU/gm of soil). These
procedures are to be continued on additional soil samples, and attempts
will be made to determine which low temperature of inéubation will
vield the consistently highest percentage of obligate psychrophiles.

Attempts to Count Bacteria at Sub-zero Temperatures

' This was a preliminary attempt to evaluate some simple procedures
for counting colonies at sub-zeroc temperatures. From these results, it
appears that this technique will require considerable additional study,
and a more sensitive method of counting should be investigated because
of the extremely small size of colonies at these low temperaturés. No
attempt will be made to expand this work at present, but if the need is

justified, it may be continued at a future date.



Heat Survivors from Cape Kennedy Teflon Ribbon Experiments

As can be seen from the results of the identification of Bacillus
isolates from Cape Kennedy, these‘organiSms exhibit deviations in
biochemical activity fpllowing subculture. There is a possibility of
variations In individual Interpretation of some of the reactions, but
the degree of variability of the two sets of results probably cannot
be explained so easily. In order to more completely and reliably
investigatg these deviations in biochemical reactions, we have recently
received a duplicate set of these cultures from Cape Kennedy and will
Investigate their biochemical activity feollowing different methods of
preservation.,

This new set of isolates will be compared to the original set to
observe any variations of biochemical activity, and they will also be
subjected to some of the conditions described in this report.

Upon completion of detailed characterization of the heat-survivors -
from Cape Kennedy, it will probably be easier to group these isolates.
By perfotming such tests, additional distinguishing characteristics
might be added to or replace some of the biochemical tests in the
identification scheme used at Cape Kenmnedy. It is hoped that such a
detailed investigation might eventually result in a diagnostic scheme
which is not so influenced by biochemical deviations of the isolates.
"If this cannot be done, procedures will need to‘be‘étandardized concerning
time of testing, number of transfers prior to testing, and so fprth, 50
that identifications can be consistent from one lab to another.

Since these organisms have survived the proposed dry-heat cycle of

the Viking spacecraft, they will be of special interest to planetary
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quarantine because these may be the types that will most likely be
contaminants of the spacecraft. For this reason, a complete characteri-
zation of these isolates will be of value in attempts to predict their
role in the possibility of contamination of Mars. These isolates will
also be subjected to the artificial Martian environment to determine

how they respond.

One area of Interest associated with these organisms is their
ability to survive vacuum conditions. From the early results of these
investigations at low pressure, it appears that they will be capablé of
survival under vacuum at temperatures between -65°C and 50°C. The
apparent increase in some of these populations can be explained by the
clumping of cells. Some of the original spore suspensions were
observed to have clumps even after Insonation, and it is felt that
these were disrupted upon the second insonation when counts were
performed. These experiments will continue for longer time periods;
they will be repeated at a vacuum of 1077 to 10~9 Torr; and they will

be repeated under a nitrogen atmosphere,





